A fi eld evaluation of biosand fi lters, a method of household water treatment, was conducted in Posoltega, Nicaragua. The evaluation consisted of water quality testing for Escherichia coli and total coliforms using membrane fi ltration (MF) with m-coliBlue24 growth media, and SolarCult dipslides. For each sample tested, the MF procedure was applied to two volumes differing by an order of magnitude to capture the expected range of microbial contamination. A follow-up laboratory quality assurance/quality control procedure was undertaken to validate the fi eld methods. The average coeffi cient of variation was 51%, with no statistically signifi cant difference between the fi eld and laboratory data. The MF procedure used with m-coliBlue24 produced useful reproducible results for the microbial concentrations encountered in the fi eld. Dipslide results were found to correlate poorly to the membrane fi ltration results from the fi eld, and should not be used to test drinking water due to the high limit of detection. They may still be useful for preliminary testing of highly contaminated source water as part of a household water treatment project. Dipslides may also be a useful tool for local health representatives to promote safe water practices within the community since they are simple to use and provide a visual indicator of water quality.
Introduction
The World Health Organization (WHO) reports that there are 1.1 billion people worldwide without access to safe drinking water and there are 1.6 million deaths every year attributable to lack of access to safe drinking water and basic sanitation (WHO 2005) . The majority of these deaths occur in rural and remote areas of developing countries, where communities are often at higher risk due to contaminated water supplies and a lack of water treatment. Household water treatment (HWT) has been advocated as a solution to this global problem, wherein a family takes responsibility for the treatment of their own drinking water through the application of a householdbased technology.
The evaluation of HWT technology typically relies on measuring the quantitative reduction of contaminants and/or indicator organisms achieved by the technology. Undertaking microbial water quality testing in rural and remote areas of developing countries as part of the evaluation requires consideration of the setting in which the testing will be conducted. This setting can include a lack of access to laboratory facilities, fi nancial and resource constraints, and a fi nite quantity of consumable materials that can be transported to the site, thereby limiting the number of tests that can be performed. Nonetheless, the ability to produce reliable and accurate water quality data in these settings is important for the evaluation of HWT in assessing the ability of a particular technology to address the global problem of access to safe water. A case study illustrating this scenario is presented here.
The biosand fi lter is a form of HWT technology based on slow-sand fi ltration at a scale that is appropriate for a single household (Manz et al. 1993; Buzunis 1995) . Laboratory evaluations of the biosand fi lter have demonstrated its ability to consistently remove up to 2 log units of faecal coliforms (Buzunis 1995) and Escherichia coli (Stauber et al. 2006) , and up to 4 log units of Giardia cysts and Cryptosporidium oocysts (Palmateer et al. 1999) . Various fi eld evaluations have also demonstrated the ability of the biosand fi lter to consistently remove pathogens from drinking water at the household level in rural communities in the Dominican Republic (Stauber et al. 2006) , Haiti (Duke et al. 2006) , and Ethiopa (Earwaker 2006) .
Thirty-four biosand fi lters were introduced into the remote community of El Trianón, in the Municipality of Posoltega, Nicaragua, in 1999 as an emergency aid to provide clean drinking water to families impacted by Hurricane Mitch (Baughen et al. 1999) . In 2004 the program was expanded to install 200 more fi lters across six rural communities in Posoltega. A schematic of the types of biosand fi lters installed in Posoltega, Nicaragua is shown in Fig. 1 . Families in this agricultural area typically rely on individual hand-dug shallow wells for their source water; previous studies have shown these wells to be contaminated with enteric pathogens and pesticides (CIRA 1999a (CIRA , 1999b . A map of the study area is shown in Fig. 2. A fi eld study was conducted from January to April 2007 to evaluate the biosand fi lters installed in Posoltega, Nicaragua. The fi ndings of the evaluation are presented in Vanderzwaag et al. (2009) . An evaluation of the fi eld water quality testing used to determine microbial removal effi ciency as part of the evaluation is presented in this paper.
The constraints faced in the biosand fi lter evaluation in Posoltega, Nicaragua included the remote locations of the communities where the biosand fi lters were installed and the lack of a convenient laboratory facility for processing water samples. The opportunities included in-kind contributions of a fi eld water testing kit for performing fi eld membrane fi ltration (MF) by the Center for Affordable Water and Sanitation Technology (CAWST), and access to a small work space including refrigeration, electrical power, and daily access to hot-air sterilization by the Alma Nubia Lopez Health Center of Posoltega. The health center also provided the use of a motorized, Fig. 1 . Schematic of the biosand fi lters installed in Posoltega, Nicaragua. three-wheeled rickshaw for transportation to the remote communities where the fi lters were installed. Protocols were developed within the context of these constraints and opportunities to carry out fi eld water quality testing, including the sterilization of fi eld equipment, accurate measurement of sample volumes, production of sterile rinse water, incubation of the prepared membranes, and enumeration of the results.
It was acknowledged that most laboratory water quality testing protocols are for the isolation and identifi cation of indicator organisms in high quality fi nished water. Preliminary testing and available background data (CIRA 1999a (CIRA , 1999b indicated that the source water in Posoltega was highly contaminated. The protocol used in the evaluation therefore involved the fi ltration of volumes of different orders of magnitude in order to accommodate and produce useful and enumerable results across several orders of magnitude of microbial concentration in the source and fi nished water.
Materials and Methods
The methods are separated between the fi eld methods used during the evaluation of the biosand fi lters in Posoltega, Nicaragua, and the laboratory methods used in a follow-up protocol in a controlled setting at the University of British Columbia.
Field Methods
The fi eld methods included identifying households where a biosand fi lter had been installed and was still in operation, acquiring consent from these households for their participation in the study, administering a questionnaire regarding water and sanitation practices around the home, and testing water quality.
At each household, samples for water quality testing were taken from the source water before it was introduced into the top of the biosand fi lter, from the fi ltered water immediately leaving the spout of the biosand fi lter, and from the storage container of fi ltered water currently being used as the family's source of drinking water. Each sample was tested for E. coli and total coliforms using membrane fi ltration. In addition, the source water and stored water were tested for microbial contamination using dipslides. The growth media selected for this study was m-coliBlue24 (Hach, Loveland, Colo.). The differential media contains enzymes which cause coliforms to produce red colonies by their ability to reduce TTC (2,3,5-triphenyltetrazolium chloride), and E. coli to produce blue colonies by their ability to hydrolyze the enzyme substrate BCIG (5-bromo-4-chloro-3-indolylbeta-D-glucuronide) to an insoluble salt while suppressing the growth of noncoliform organisms (Hach Company 1999) . Prepackaged in 2-mL ampoules, there was no requirement for media preparation and portioning, and no risk of contaminating the media. A limitation of the m-coliBlue24 is that it must be stored between 2 and 8ºC, and thus access to refrigeration at the local health center was an important consideration in the choice of this medium.
Membrane fi ltration (MF
A variation from the Standard Method was the fi ltration of different volumes of test water where the anticipated number of organisms in 100 mL would be too high to produce evaluable results. Sample volumes of 1 and 10 mL were taken of the source water, and sample volumes of 10 and 100 mL were taken of the fi ltered and stored water. The 1-mL samples were measured using sterile, single-use plastic pipettes (Fisherbrand #13-711-20, Fisher Scientifi c, Pittsburgh, Pa.), the 10-mL samples were measured using sterilized 10-mL Kimax beakers (Kimble #14000-10, Kimble Glass, Vineland, N.J.), and the 100-mL samples were measured by fi lling the reservoir tube (funnel) on the membrane fi ltration equipment to an indicated mark. The measuring equipment was then fl ushed with sterile water. Of each water sample, the smaller volume was always fi ltered fi rst to avoid unnecessarily repeating the fl ame sterilization; the number of any remaining organisms from the smaller volume would not signifi cantly affect the concentration of organisms of the larger volume.
The colonies on the membranes were incubated for 24 hours at 35 ± 0.5°C. The AC-powered incubator included with the Potatest WE10005 equipment was kept at the health center where it was plugged into a standard 110V AC wall outlet (a transformer was used to convert to the 220 V AC required for the equipment, and an accompanying rechargeable battery pack maintained power during the frequent power outages). The time period between placing the membrane into the Petri dish and placing the Petri dishes into the incubator was between 1 and 4 hours, allowing suffi cient time for a recovery period for the microorganisms on the membrane. After the incubation period, the colonies that formed on the membrane were enumerated with the assistance of a 5× magnifi cation handheld lens and a tally counter. A digital photograph was also taken of each series as part of record keeping.
Two "blank" samples were prepared every day to confi rm the sterilization procedures, representing 11% of all of the samples taken. The sterile water used for rinsing and the preparation of "blank" samples was prepared nightly by boiling commercial bottled water (Fuente Pura, Managua, Nicaragua), covering it, and then allowing to cool overnight. The rinse bottles themselves were sanitized using a 70% rubbing alcohol solution purchased from a local pharmacy and allowed to air dry inverted overnight.
The 10-mL beakers and the aluminum Petri dishes were wrapped in aluminum foil and sterilized in a dry-air oven for 30 minutes at 300ºC prior to use each sampling day. All of the waste materials from the MF procedures were incinerated at the Posoltega health center.
SolarCult dipslides. SolarCult dipslides (Solar Biologicals, Ottawa, Ont.) were used to test the source water and store postfi ltered water. The dipslides consisted of a plastic paddle coated with growth media, attached to a handle/cap that fi t a self-containing clear plastic vial. One side of the paddle was coated with nutrient agar to which TTC was added for the detection of heterotrophic bacteria, and the other side was treated with MacConkey agar for the detection of Gram-negative organisms (Solar Biologicals 2006).
The paddle was dipped into the water sample for three seconds and returned to the vial, and the cap was closed suffi ciently to prevent contamination but allow air exchange. The vials were incubated at room temperature which ranged between 25 and 30°C. After approximately 48 hours, the colonies formed on either side of the dipslide were enumerated. The dipslides were disposed of by fi lling each vial with household bleach, sealing the cap, and incinerating them at the Posoltega health center.
It was acknowledged that the SolarCult dipslides are intended as a visual reference for industrial use, and are not recommended for drinking water testing due to their high limit of detection. However, their simplicity in use and visual interpretation suggested that they may have a role in water quality testing that was worth investigating in remote locations where other resources are not available.
Laboratory Methods
In order to provide a level of confi dence in the results produced in the fi eld, a quality assurance / quality control (QA/QC) procedure was undertaken in a controlled laboratory setting at the School of Environmental Health at the University of British Columbia. The specifi c objectives of the QA/QC work were to identify and estimate the sources of error associated with the methodology used in the fi eld. The methods consisted of preparing spiked solutions inoculated with known concentrations of indicator organisms, and applying the same water quality testing techniques used in the fi eld with regard to both the membrane fi ltration and the dipslide protocols. The correlation of the MF results to the expected organism concentration was then determined. The errors associated with volume measurements and with enumerating colonies from samples tested at the same volume and across different volumes were also quantifi ed. In addition, colonies growing on the m-coliBlue24 media were isolated and identifi ed for confi rmation of the differential count.
Preparation of test solutions. The QA/QC work was based on prepared solutions inoculated with a known concentration of indicator organisms. From the preliminary results from the fi eld water quality testing, the prepared test solutions needed to cover a range from approximately 10 to 1,000 CFU/100 mL for E. coli, and 1,000 to 100,000 CFU/100mL of total coliforms. For the purpose of the laboratory work, E. coli (ATCC #25922) and Salmonella enterica (ATCC #29058) were chosen as representative of faecal contaminants of water. A third organism, Enterococcus faecalis (ATCC #29212) was included in the prepared solutions to mimic a background organism suppressed by the m-coliBlue24 as well as on the dipslide MacConkey agar, but would be detected by the TTC on the reverse of the dipslide. The E. faecalis was inoculated into the solution at a concentration several orders of magnitude greater than that of the other two organisms, such that if the suppression of its growth failed, the noncoliform background would be readily detected.
The test solutions were prepared by making a neat suspension from colonies of the desired organism from an agar plate. The suspension was adjusted until the optical density (OD 360 ) measured with Ultrospec II (LKB Biochrom, Cambridge, U.K.) was between 0.5 and 1.5, corresponding to a range of 10 8 to 10 9 bacteria per millilitre. Serial ten-fold dilutions were performed from the neat suspension as described in Standard Method 9215: Heterotrophic Plate Count (APHA et al. 2005) , and three aliquots of 0.1 mL of the fi fth dilution were dispersed and spread onto plates of Tryptic Soy Agar (TSA) (Difco, Becton, Dickenson and Company, Sparks, Md.). The average count from these three plates was used to predict the concentration of the neat sample suspension, and hence the fi nal concentration of the spiked test solution. For the purpose of this study the outcome of this method was considered to be the "true" concentration of the test solution.
Nine test solutions were prepared and tested by MF a total of nine times: three times each for the sample volumes of 1, 10, and 100 mL. Each solution was also tested with three dipslides. The water quality testing techniques used were identical to the fi eld methods, including the use of the Potatest equipment for the MF procedure (including sterilization and volumetric measurement) and incubating the prepared membranes, the preparation of the sterile rinse water, and the application of the dipslides.
Volumetric measurement. The specifi c volumes of 1, 10, and 100 mL as measured in the fi eld were confi rmed by gravimetric analysis using top-loading balances (Sartorius, Mississauga, Ont.). Five randomly selected 1-mL pipettes and all eleven 10-mL Kimax beakers used in the study were tested fi ve times each by fi lling to the indicated mark and recording the mass of the collected water sample. The 100-mL reservoir tube on the membrane fi ltration equipment was similarly tested a total of eight times, with a new membrane fi lter in place for each test.
Colony identifi cation. An external water source (duck pond at Jericho Beach in Vancouver, B.C.) was tested using the MF technique with the m-coliBlue24 growth media. Six blue colonies (suspect E. coli) were subcultured onto Eosin methylene blue (BBL, Becton, Dickinson and Company, Sparks, Md.) agar, and fi ve red colonies (suspect coliform) were subcultured onto TSA, repeating as required until pure cultures were obtained. Suspensions were then prepared of each culture, and API 20E test strips (bioMérieux, St. Laurent, Que.) and the corresponding online application APIWEB (bioMérieux, St. Laurent, Que.) were used to identify the cultures as per the included directions.
Statistical Methods
The coeffi cient of variation was used to quantify the error associated with the individual procedures, and Student's t-tests (two-tailed heteroscedastic) were used to determine the statistical signifi cance of the difference between data sets, or the statistical signifi cance of a correlation between variables. The coeffi cient of variation is the normalization of the standard deviation by the mean and is therefore an appropriate measure of the error because both the organism concentration and the actual fi ltered volume varied across multiple orders of magnitude between tests.
Results

Laboratory Results
Correlation to spiked concentration. The results of the MF procedure were compared with the predicted spiked organism concentration for E. coli and Salmonella, and the ratio between the concentrations was calculated (Table 1 ). This ratio was found to vary between 0.16:1 and unity, with an average of 0.41:1 (standard deviation [SD] = 0.28:1). There were no statistically signifi cant differences between the E. coli and Salmonella results. The linear regression between the concentration predicted by the MF technique and the actual concentration was statistically signifi cant at the α = 0.01 level.
Volumetric variation. The mean, coeffi cient of variation, and statistical signifi cance of the systematic bias of the methods used to measure the sample volumes are displayed in Table 2 .
Coeffi cient of variation. The coeffi cients of variation between the three individual plate counts from each fi ltered volume of each sample were computed. No statistically signifi cant difference was detected between results for the type of organism (Salmonella versus E. coli), nor for the sample volume. Because of the lack of effect, the data set was aggregated based on the unfactored plate count mean. The average coeffi cient of variation from the plate count was determined to be 38% (SD = 23%). Furthermore, a statistically signifi cant negative correlation was detected between the coeffi cient of variation and the logarithm of the mean plate count at the α = 0.05 level (Fig. 3) .
For each test solution and fi ltered volume, the triplicate plate counts were averaged and factored according to the fi ltered volume. A new coeffi cient of variation was then computed between the counts from the 1-and 10-mL samples, and again between the 10-and 100-mL samples. This was to mimic the fi eld methodology, where each water sample was tested at either 1-and 10-mL volumes, or 10-and 100-mL volumes. Each computed coeffi cient of variation was treated as a separate observation.
No statistically signifi cant difference was detected between the computed coeffi cient of variation between fi ltered volumes for the type of colony (Salmonella versus E. coli), nor between the results computed between the 1-and 10-mL volumes versus the 10-and 100-mL volumes. Because of the lack of effect, the data set was again aggregated. The average coeffi cient of variation computed across the different fi ltered volumes was 44% (SD = 31%).
Colony identifi cation.
Of the six blue colonies suspected to be E. coli, fi ve were successfully identifi ed as such using the API 20E test strips and the corresponding APIWEB online application. The sixth colony was identifi ed as Klebsiella pneumoniae spp pneumoniae with 97.5% certainty. The incidence of false positives is reportedly 3% for E. coli (Grant 1997) .
Of the fi ve red colonies suspected to be coliforms, three were identifi ed as Klebsiella oxytoca, one as Enterobacter cloacae and one as Raoultella ornithinolytica (formerly classifi ed as Klebsiella ornithinolytica). These are all Gram-negative, rod shaped bacteria (Bergey and Holt 1994), which were correctly identifi ed as members of the coliform group by the m-coliBlue24 growth media. 
SolarCult dipslides.
The results from the SolarCult dipslides were compared with the spiked concentrations in the test solutions (Fig. 4) . The colony counts from the MacConkey side of the dipslide were plotted against the total spiked concentration of Gram-negative organisms in the test solutions (E. coli and Salmonella), and the colony counts from the TTC side of the dip slide were plotted against the total spiked concentration of microorganisms in solution (i.e., E. faecalis). The regression line through both data sets is statistically signifi cant at the α = 0.01 level, although this is dominated by the correlation between the higher TTC counts and the E. faecalis. The lower limit of detection of the dipslides predicted by the regression line is approximately 1,000 CFU/100 mL.
Field Results
A total of 255 fi eld samples were tested for both E. coli and total coliforms by MF with m-coliBlue24 growth media; 92 of these were of source water, 85 of fi ltered water, and 78 of stored water. The results of the fi eld testing (Fig. 5) indicate that the biosand fi lters were achieving nearly 2 log 10 reduction units. Unfortunately, the stored postfi ltered water was approximately a full order of magnitude greater than the fi ltered water, suggesting problems with regrowth and recontamination. In general, neither the fi ltered water nor the stored water met the WHO guidelines for safe drinking water (WHO 2006) . A further discussion of the biosand fi lter evaluation can be found in Vanderzwaag et al. (2009) .
Coeffi cient of variation. The fi eld methodology included testing duplicates of water samples at different volumes to cover a broad range of possible concentrations and to provide a level of confi rmation of the results. Of these, there were 179 pairs of tests (358 results) where both the larger and smaller sample volumes yielded enumerable results: 104 pairs for E. coli and 75 pairs for total coliforms. The average coeffi cient of variation computed between the results from the corresponding pairs of larger and smaller volumes was 51% (SD = 35%). No statistically signifi cant difference was detected between this coeffi cient of variation from the fi eld data and the corresponding computation from the laboratory data. Figure 6 displays the colony counts from the MacConkey agar side of the dipslide plotted against the total coliform concentration (including E. coli) determined by MF for the corresponding water sample. The regression line through the data set is not statistically signifi cant. This is the result of the fact that the MacConkey agar is more permissive, and will identify Gram-negative but noncoliform bacteria in the water sample that are not detected by the m-coliBlue24 growth media. The controlled tests in the laboratory did not include any of these other organisms, and hence the laboratory data forms an approximate upper bound for 91% of the fi eld data, as shown in the fi gure.
SolarCult dipslides.
Discussion
The water quality testing methods employed for this study were successful in yielding useful, reproducible numeric results within the context of the constraints and opportunities encountered in the fi eld during the evaluation of biosand fi lters in Posoltega, Nicaragua.
Membrane Filtration Using m-coliBlue24
The MF procedure using m-coliBlue24 allowed for the enumeration of E. coli and total coliforms up to concentrations of 100,000 CFU/100 mL in source water while maintaining a detection threshold of 1 CFU/100 mL in fi ltered water. The results of the QA/QC suggest that the MF technique tended to underestimate the actual concentration. This may be due to a variety of factors, including organisms that are stressed or even killed on the membrane during the membrane fi ltration, or organisms clinging to the interior equipment walls in spite of the rinsing techniques. Nonetheless, the MF technique appeared to be accurate to an order of magnitude level of precision, which was suffi cient for the purposes of this study.
From the arbitrary sample of duck pond water, fi ve of the six blue colonies were successfully identifi ed as E. coli, and all of the red colonies were identifi ed as species belonging to the coliform group using the independent method of the API 20E test strips. Coupled with the successful suppression of E. faecalis as a background organism, this outcome leads to a very high level of confi dence that the organisms identifi ed through the MF technique using the m-coliBlue24 are in fact the indicated type of organisms. The reported rate of false positives for m-coliBlue24 is 3% for E. coli and 27% for coliforms (Grant 1997) .
Specifi c to the fi eld methodology and equipment used in this study, a bias of up to 7% was detected from the volumetric measurement techniques. While statistically signifi cant, this bias is relatively small in comparison with the random error associated with individual plate counts or averaging the results derived from testing across different sample volumes; therefore, no correction was applied. The average coeffi cient of variation associated with any plate count was 38%. The average coeffi cient of variation associated with averaging across different sample volumes was found to be 44% in the laboratory and 51% in the fi eld. No statistically signifi cant difference was detected between the laboratory and fi eld data set, suggesting that the study results would not have had any less random error had the water samples been collected and transported to a controlled laboratory facility for testing.
The random error associated with the MF technique can be reduced by recognizing the relationship between the maximum coeffi cient of variation and the plate count. This can be observed by plotting a bounding curve on the plate count data presented in Fig. 3 . This curve is minimized at approximately 50 CFU, with a maximum expected coeffi cient of variation of 35%. That there was no statistically signifi cant effect from the fi ltered volume on this data set suggests that this bounding curve exists for each sample volume, as plotted in Fig. 7 . The choice of how to compute the concentration of the test sample is then dependent on the plate count from each volume, where a plate count between 15 and 150 CFU is desired. This concept is very similar to Standard Method 9222: Membrane Filter Technique for members of the Coliform Group (APHA et al. 2005) , which recommends targeting a plate count between 20 and 200 CFU. Some forehand knowledge of the approximate order of magnitude of microbial levels is required to know what sample volume to use for the MF; this is further compounded when both indicator organisms of E. coli and total coliforms are desired. The methodology used in this study, testing 1 and 10 mL for source water and 10 and 100 mL for fi ltered and stored water, was found to produce useful results for the conditions encountered in the fi eld.
A limitation of MF with m-coliBlue24 is the occurrence of growth on the membrane which can be diffi cult to interpret. Examples of this include smudging and/or dry patches on the membrane, growth around the perimeter of the membrane, colonies of nonuniform sizes (in particular a "dusting" of tiny colonies across the membrane along with the standard-sized colonies growing on the membrane), colourless confl uent growth across the membrane, and E. coli forming black rather than blue colonies. These types of results occurred in approximately 5% of the tests conducted. The smudging and perimeter growth can be controlled through careful techniques used in the fi eld. The dusting of tiny colonies and the colourless confl uent growth were replicated in the laboratory under circumstances where the number of Salmonella organisms was in excess of 10,000 CFU and the background organism of E. faecalis was in excess of 400,000 CFU in the 100-mL test sample. For this reason it is important to have a trained individual interpret the MF results to avoid the danger of misinterpreting colourless growth as an organism concentration of zero rather than as truly being too numerous to count. It is suspected that temperature effects during the storage and transportation of the m-coliBlue24 may be related to the black E. coli colonies being formed instead of blue. A further investigation into the temperature effects on the growth media is required to further demonstrate the applicability of using m-coliBlue24 for fi eld water testing in developing countries where maintaining the temperature between 2 and 8ºC during storage and transportation may be diffi cult.
SolarCult Dipslides
As shown in Fig. 6 , the SolarCult dipslides results exhibited poor correlation to the MF results in the Fig. 7 . Minimization of random error in membrane fi ltration using different sample volumes. fi eld. This is likely attributable to environmental Gramnegative noncoliform bacteria present in the water sample. Furthermore, the limit of detection is approximately 1,000 CFU/100 mL, and it is therefore recommended that the dipslides not be used as a presence / absence test for the detection of E. coli in drinking water since the high limit of detection leaves open the possibility for false negatives within the range of concentrations that can be hazardous to human health. Thus, the SolarCult dipslides are likely not a suitable tool for conducting fi eld water quality testing as part of an evaluation of HWT technology.
Within the context of the implementation of the biosand fi lter, there are two roles for which the SolarCult dipslide is particularly well suited. The fi rst is that because the dipslide is a self-contained, easy-to-use method of water testing, with no additional equipment required for incubation (particularly in tropical climates; there the ambient temperature is suffi cient), it can be readily used by local health and sanitation representatives to provide an initial estimate as to the severity of microbial contamination of a raw water source. The bounding line shown in Fig. 6 suggests that the MacConkey side of the dipslide can provide an estimate of the upper bound of coliform contamination in a water source. Furthermore, the outcome of the test can help in determining what type of intervention is required and the suitability of any particular HWT technology. In particular, any growth on the MacConkey side of the dipslide used to test the raw source water indicates that the biosand fi lter alone is not suffi cient to provide clean drinking water, as it can reasonably only be expected to provide a reduction of around 2 log units. In this case, the fi ltered water would still have greater than 10 CFU/100 mL, and some form of additional treatment including disinfection would still be required.
The second role of the dipslides is as a visual aid for the local health and sanitation representatives to engage community members and promote safe water and hygiene practices within the community. The concept of microorganism presence in water and the connection to human health is often a diffi cult concept for lay persons to understand as it cannot be visualized. The dipslides can be used to visually demonstrate the severity of microbial contamination in water sources, and show the degree to which the water is improved through safe water practices, in a manner that is clearly understood.
Conclusions
This paper presents the evaluation of the fi eld water quality testing methods used in an evaluation of biosand fi lters, a form of household drinking water technology, in Posoltega, Nicaragua. The major fi ndings are as follows:
For the microbial concentrations encountered in the • fi eld, the MF methods produced useful, enumerable results that permitted the evaluation of the performance of the biosand fi lters installed in Posoltega, Nicaragua.
The low limit of detection on the fi nished water allowed the identifi cation of the need for additional treatment involving disinfection for the fi ltered and stored water. The average coeffi cient of variation computed between
• tests of different volumes of the same water sample was 51% (SD = 35%). There was no statistically signifi cant difference between the laboratory and fi eld data set, suggesting that the study results would not have had any less random error had the water samples been collected and transported to a controlled laboratory facility for testing. The maximum expected random error can be • minimized by selecting an appropriate sample volume for performing MF, such that the plate count is in the range of approximately 15 to 150 CFU. There was poor correlation between the SolarCult
• dipslide results and the MF results using m-coliBlue24 in the fi eld. However, in lack of other resources, the dipslides can be used as an effective tool for determining an upper bound of coliform contamination in source water. They should not be used as a presence/absence test for drinking water due to the high limit of detection. SolarCult dipslides may prove useful as a visual tool
• for engaging community members, regarding the importance of water quality, in rural and remote parts of the world.
